Introduction: To evaluate clinical inertia in patients with type 2 diabetes mellitus (T2DM), obesity and poor glycaemic control in routine clinical practice. Methods: This was a retrospective, observational study based on the analysis of medical records from the BIG-PACÒ database. Subjects who required medical care in 2013 with the following characteristics were enrolled in the study: age C 30 years, diagnosis of T2DM, glycosylated haemoglobin (HbA1c) C 8%, obesity (body mass index [BMI] C 30 kg/m 2 ) and treatment with C 2 oral antidiabetic drugs (OADs). Inertia was evaluated by time (days) to the first intensification during the period while HbA1c levels were C 8% and percentage of patients whose treatment was not intensified at
Results: A total of 13,824 patients with T2DM receiving C 2 OADs were identified; of these 2709 (19.6%) had HbA1c C 8% and BMI C 30 kg/m 2 , thus fulfilling the inclusion criteria. Of these 2709 patients, the mean age was 65.5 (standard deviation [SD] 12.0) years; 54.9% were male, mean HbA1c level was 9.2% (SD 1.3%); mean BMI was 32.1 (SD 0.9) kg/m 2 ; and mean time from diagnosis was 8.2 (SD 3.0) years. HbA1c remained C 8% for a median of 440 (95% confidence interval [CI] 421-459) days. The median time to first intensification was 456 (95% CI 429-483) days. No intensification had occurred in 77.8, 59.5, 41.5, 28.1 and 22.4% of patients at 6 months, 1, 2, 3 years and the end of follow-up, respectively. Conclusions: The patients with T2DM analysed in this study had a mean HbA1c of 9.2% at baseline, and this remained at C 8% for [ 1 year. The time to the first treatment intensification was longer than that recommended by guidelines. Treatment was not intensified in a large percentage of patients, with almost 60% of patients not receiving intensification at 1 year of follow-up.
Key Summary Points
Why carry out this study?
Therapeutic inertia, defined as the failure to initiate or intensify treatment in a timely manner in accordance with evidence-based guidelines, is a key cause of uncontrolled hyperglycaemia (together with lack of adherence to treatment) in patients with type 2 diabetes mellitus (T2DM).
Limited evidence is available on the extent of therapeutic inertia and treatment intensification in obese patients with poor glycaemic control.
What was learned from this study?
The T2DM patients analysed in the study had a mean glycated haemoglobin (HbA1c) of 9.2% at baseline which remained C 8% over a period of [ 1 year.
The median time to first intensification was 456 (95% confidence interval 429-483) days, wich is longer than that recommended by guidelines.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is associated with a great clinical and economic burden, and its incidence is expected to grow in future decades [1, 2] . Current prevalence ranges from 6 to 15%, depending on the study and diagnostic method, reaching 20% in patients aged [ 75 years [3, 4] . Obesity, the main risk factor for T2DM, is diagnosed in up to 80% of T2DM patients [1, 2] .
Optimal glucose control is recommended to avoid prolonged exposure to hyperglycaemia, which may trigger micro-and macrovascular complications [2] [3] [4] [5] . Glycosylated haemoglobin (HbA1c) level is the gold standard used to monitor the degree of metabolic control, with target levels ranging from 6.5 to 8% [1-5]. Some guidelines suggest an individualised approach, with strict HbA1c targets (B 6.5%) in selected persons with DM who are otherwise healthy, while others promote less strict treatment goals (B 7.5-8.0%) for patients with a high degree of comorbidity [1, 2, 5] . In general, it is advised that if the desired metabolic objectives are not achieved after 3-6 months of lifestyle improvements, then pharmacological treatment should be initiated [2, 5] . It is estimated that more than half of patients with T2DM do not achieve the therapeutic goal of glycaemic control with the first treatment choice, even at maximum doses, and that in such cases other oral or injectable therapies, such as glucagonlike peptide receptor type 1 analogues (GLP-1 RA) or insulinisation, need to be added to the original therapeutic regimen [1, 5] .
Therapeutic inertia, defined as the failure to initiate or intensify treatment in a timely manner in accordance with evidence-based guidelines, is a key cause of uncontrolled hyperglycaemia (together with a lack of adherence to treatment) in T2DM patients [6, 7] . Clinical inertia occurs when healthcare professionals recognise the problem, i.e. unachieved glycaemic objectives, but do not act to initiate or intensify treatment [6, [8] [9] [10] . The recent consensus of the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) recommends evaluating and modifying treatment regularly at intervals of 3-6 months if the HbA1c level remains above target [5] .
In Spain, studies show that, depending on the study design and follow-up time, between 32.2 and 52.5% of patients with deficient glycaemic control do not receive intensification of therapy [11] [12] [13] [14] . The most notable delays in treatment intensification occur in patients with HbA1c levels of 7 and 8% receiving C 2 oral antidiabetic drugs (OADs) [6] . However, few studies have evaluated therapeutic inertia and treatment intensification in obese patients with poor glycaemic control. Obesity and diabetes are two very closely related diseases. The prevalence of obesity is increasing in patients with T2DM, resulting in an increased risk of these patients developing a cardiovascular event [1] . The aim of this study (Patient 8.30 Study) was to characterise clinical inertia in T2DM patients with deficient glycaemic control (HbA1c C 8%) and obesity (body mass index [BMI] C 30 kg/m 2 ) receiving treatment with C 2 OADs. We have also reported on parameters such as the time to treatment intensification, the frequency of intensification and the duration of time the patient is above therapeutic target (glycaemic burden).
METHODS

Design and Study Population
This was an observational, multicentre, longitudinal, retrospective study that was based on medical records included in computerised databases of various Spanish healthcare providers and complementary data sources of seven Autonomous Communities in Spain, unified in the dissociated BIG-PACÒ database (Real Life Data;
http://www.encepp.eu/encepp/search. htm). The inclusion period extended from 1 January 2013 to 31 December 2013, with a minimum follow-up of 4 years per patient from the inclusion date (i.e. index date defined as first date in 2013 with HbA1c C 8% recorded and eligibility criteria met) up to 31 December 2017.
Confidentiality of Information
The confidentiality of the records (anonymous and dissociated) was respected in accordance with current regulations on the Protection of Personal Data, Regulation (EU) 2016/679 of the European Parliament and of the Council of April 27, 2016 on Data Protection (RGPD) and Organic Law 3/2018, of December 5, regarding the Protection of Personal Data and guarantee of digital rights. The study was approved by the Ethics Committee of Ramó n y Cajal University Hospital, Madrid. Due to the nature of the study (i.e. retrospective database) patient consent was not required.
Inclusion and Exclusion Criteria
Patients eligible for inclusion in this study were aged C 30 years; required medical care during 2013, with a diagnosis of T2DM (International Classification of Diseases 10th Revision, Clinical Modification [ICD-10-CM) codes: E11.0-E11.9, E14 or E14.0-E14.9) at least 6 months before the index date; were treated with C 2 OADs; and were in the medical prescription programme (C 2 health records in the computer system). Patients were excluded from the study if they transferred to other centres or other areas, were displaced/lost to follow-up or were permanently institutionalised; had a history of type 1 diabetes, gestational diabetes and/or secondary diabetes; there was no medical records on HbA1c or BMI for 2013; and they had received treatment with insulin and/or GLP-1 RAs.
Study Variables
Prevalence of the Study Population The prevalence rate was calculated based on the number of patients with poor glycaemic control (HbA1c C 8% [64 mmol/mol]) and obesity (BMI C 30 kg/m 2 (numerator being the first record during 2013) among subjects with T2DM treated with C 2 OADs (denominator). Standardisation of the results was not necessary since there was sufficient similarity between the age pyramid of patients included in the study and the Spanish general population.
Demographic and Clinical Variables
The demographic and clinical variables collected included age, sex, BMI, time from diagnosis, history of hypertension, dyslipidaemia, asthma, chronic obstructive pulmonary disease, heart failure, osteoporosis, malignant neoplasms (all types) and liver diseases (steatosis, hepatitis, cirrhosis). Data on macrovascular complications (including ischaemic heart disease [angina, acute myocardial infarction], stroke/transient ischaemic attack and/or peripheral arterial disease) and microvascular complications (including retinopathy, nephropathy and diabetic neuropathy) were collected. As a summary variable of general comorbidity, the modified Charlson Comorbidity Index [18] was used as an approximation of severity based on the number of chronic comorbidities. These records were obtained for each patient at the index date (year 2013).
Medication Administered Information on OADs of the following Anatomical Therapeutic Chemical Classification (ATC) [19] groups dispensed for the treatment of T2DM on the index date and used either as monotherapy or in combination therapy was obtained: (1) metformin (A10BA*), (2) insulin release stimulants (sulfonylureas [A10BB*] and glinides [A10BX*]), (3) glitazones (A10BG*), (4) alpha glycosidase inhibitors (acarbose [A10BF*] and miglitol [A10BF*]) and (5) dipeptidyl peptidase 4 inhibitors (A10BH*). Fixed dose combinations were considered as two OADs. Patients were grouped according to the number of OADs (2, 3 or 4) administered on the index date. Sodium-glucose co-transporter-2 inhibitors were not included because the first molecule of this group was not commercially available in Spain until December 2013.
Glycaemic Burden Glycaemic burden was evaluated as the time from the index date to the end of the follow-up period that the HbA1c level was C 8%.
Clinical Inertia Clinical inertia was defined as the lack of intensification of antidiabetic treatment (addition, change and/or increase in dose) in patients with HbA1c C 8% on the index date during the period in which the patient had HbA1c C 8%, evaluated at 6 months, 1, 2 and 3 years and at the end of follow-up (C 4 and B 5 years). Clinical inertia was also evaluated by the time elapsed (days) from the index date to the first intensification, the time to initiation of injectable treatment (GLP-1 RA or insulin) and the number of intensifications during the period in which the patient had HbA1c C 8%.
Statistical Analysis
A descriptive statistical analysis was carried out. Categorical variables were described with absolute and relative frequencies, and quantitative data were described as means and standard deviation (SD) and median and 95% confidence intervals (95% CI). All data were based on the total number of subjects, excluding missing values. For the variables associated with the measurement of time (time for which HbA1c C 8% was maintained and time until the first intervention from the first record of HbA1c C 8%), Kaplan-Meier survival analysis was used. Analyses were conducted overall, in two subgroups according to age (C 30-64 and C 65 years) and in three subgroups according to HbA1c at index (8-8.9, 9-9.9, C 10%). The statistical software SPSS for Windows version 23 (IBM Corp., Armonk, NY, USA) was used.
RESULTS
Of the 1,973,278 patients included in the BIG-PAC database, 47,492 (95% CI 7.8-8.4%) had a diagnosis of T2DM. Among those with a diagnosis of T2DM, there were 13,824 with available BMI/HbA1c data who were treated with C 2 OADs, and 2709 of these (19.6%, 95% CI 19.3-19.9%) met the criteria of HbA1c C 8% and BMI C 30 kg/m 2 and were included in the study (Fig. 1 ). The mean time of follow-up was (Table 1) .
At index, mean HbA1c was 9.2% (SD 1.3%), with 57.2% of patients having levels between 8 and 8.9%, mean BMI was 32.1 (SD 0.9) kg/m 2 and 76.8% of patients were receiving 2 OADs, with the combination of metformin ? sulfonylureas being the most frequent (63.3%). Patients aged C 65 years showed better glycaemic control (mean HbAc1 9.0%; 95% CI 8.9-9.1) than those aged \ 65 years (mean HbAc1 9.5%; 95% CI 9.4-9.6), but had a higher mean OAD use ( Table 2 ).
Glycaemic Burden
The HbA1c level remained C 8% for a median of 440 (95% CI 421-459) days; there were no differences between patients aged C 65 years and those aged \ 65 years. The median time at HbA1c C 8% increased as a function of the index HbA1c value, being 390 (95% CI 372-408) days at an index HbA1c of 8-8.9%, 529 (95% CI 510-598) days at an index HbA1c of 9-9.9% and 578 (95% CI 560-598) days at an index HbA1c of C 10.0%. The mean HbA1c prior to the last intensification was 8.5% (SD 1.8), with no differences found between patients aged C 65 years and those aged \ 65 years (Table 3 ; Fig. 2 ).
Treatment Intensification
At the end of the follow-up, 22.4% (n = 606) of patients overall were in clinical inertia (without treatment intensification), with a higher frequency of clinical inertia in patients aged C 65 years than in those aged \ 65 years (24.1 vs. 20.2%). Among these 606 patients, 77.8% were in clinical inertia at 6 months, 59.5% at 1 year, 41.5% at 2 years and 28.1% at 3 years (Fig. 3) . The percentage of patients in clinical inertia at the end of the follow-up according to index HbA1c was 24.6% for those with HbA1c 8-8.9%, 21.1% for those with HbA1c 9-9.9% and 17.1% for those with HbA1c C 10.0% (Fig. 4a) .
The mean number of treatment intensifications per patient during the period in which HbA1c remained C 8% was 1.4 (SD 0.6). There were 2945 intensifications in 2103 in patients whose treatment was intensified during the follow-up. Specifically, the first intensifications (n = 2103) were mostly treatment changes (65.3%), followed by additions to treatment (33.8%) and dose increases (1.0%). The results were similar in the age groups (Fig. 4a ).
Time to Treatment Intensification
The median time to the first treatment intensification was 456 (95% CI 429-483) days. The time to first intensification was longer in patients aged C 65 years than in patients aged 30-64 years (485 vs. 422 days). The median time to the first treatment intensification by different index HbA1c range is shown in Fig. 4b .
The median time from the index date to the start of injectable treatment (GLP-1 RA or insulin) was 854 (95% CI 794-909) days for overall population, 783 days for the subgroup of patients aged \ 65 years and 1055 days for the subgroup of patients aged C 65 years. The median time decreased numerically with increasing baseline HbA1c. In the overall patient population, 34.8% of patients received GLP-1 RA or insulin; in the age subgroups of C 65 years and \ 65 years, these values were 38.3 and 31.6%, respectively) ( Table 4 ).
DISCUSSION
The results of this study show that in T2DM patients with poor glycaemic control and obesity on concomitant treatment with C 2 OADs, HbA1c levels remained at C 8% for a long time (median 1.2 years and up to a median 1.6 years in patients with the worst baseline control). Similarly, a high percentage of patients were in clinical inertia, ranging from almost 60% at 1 year of follow-up to 22% at the end of the study (C 4 years and B 5 years). These findings show a delay in treatment intensification with antidiabetic therapy in routine clinical practice. The mean length of time patients had a HbA1c C 8% (glycaemic burden) in the present study is within the range reported by a number of other studies, but it closer to the lower end of the range reported in one study [7] and considerably lower than that reported by Khunti et at. [15] who found a mean time of up to 7 years at a HbA1c C 8%. We found, unlike Brown et al. [20] , that this period lengthened with increasing baseline HbA1c. However, the comparability of the data between these studies is limited due to the selection of the HbA1c cutoff points. Brown et al. [20] used [ 7% and [ 8% as cutoffs while our study used C 8% (8-8.9%, .9% and C 10%). We found a low mean number of intensifications during the time patients had HbA1c C 8%. Despite the intensifications, the HbA1c value before the last intensification continued to be [ 8%. These results suggest limited adherence to current recommendations to intensify treatment every 3-6 months when the patient achieves/does not achieve the objectives established [5] . Studies have found that a high glycaemic burden is associated with an increased risk of myocardial infarction, stroke and heart failure and, therefore, reducing the time during which the patient is not within target range is important [21, 22] .
In our study, clinical inertia was identified in 22% of patients at the end of the follow-up and ranged from 78% at 6 months to 28% at 3 years. Other studies in Spain have found rates that vary from 18.1% [6] to 32.2-52.5% of patients (years of studies 2012-2016) [11] [12] [13] [14] . This variability between studies may be attributed to several factors, including the type of care setting, the population studied, the duration of diabetes, the definition of intensification (addition of a new OAD, change to insulin, dose increase, etc.), the HbA1c threshold chosen and, to a large extent, the length of follow-up. The review by Khunti et al. [7] found that in most studies more than 50% of patients did not receive treatment intensification within 1 year; these results are consistent with our data at 6 months (78% inertia) and 12 months (almost 60% inertia). Likewise, as in other studies [6, 12, [23] [24] [25] , we found that clinical inertia was lower when there was worse glycaemic control and that it was higher in older patients. The greater inertia in patients aged C 65 years may be related to less strict control criteria recommendations in this age group [5] .
We found that there was a delay in treatment intensification of [ 1 year in patients with HbA1c C 8%, which was also observed in the sub-group of patients with HbA1c C 10% at index. This delay is shorter than that reported by Mata-Cases et al. (22.6 months) [6] . [5] . In our study, patients aged \ 65 years had worse control than patients aged C 65 years (with [ 50% of patients aged \ 65 years having a baseline HbA1c of C 9%). However, patients aged \ 65 years less frequently received treatment intensification with injectable drugs, even though they were the ones who could benefit most from intensifications with high-efficacy drugs [5] . These findings suggest a rejection of as well as a delay in intensification with injectable therapy, which is in line with the findings of other published studies [27] . Patients tend to be reluctant to use insulin due to the injections, while physicians reject the use of insulins due to the risks for weight gain and hypoglycaemia, lack of training in using injectable therapies or lack of educational resources, among others [30, 31] . However, injectable therapy with GLP-1 RA is not associated with an increased risk of hypoglycaemia and is associated with weight loss; consequently, it should be considered as the first injectable therapy, before insulin [5] . These data are relevant given that it is known that delays in intensification are related to macro-and microvascular complications that will jeopardise the probability of achieving glycaemic control objectives [21, 22, 24] . Therefore, strategies that help reduce the time to intensification are required.
Limitations inherent to the nature of the study design (i.e. retrospective database) include underrecording, possible inaccuracies [32, 33] . The HbA1c value of [ 8% was set as the cutoff point to define clinical inertia in this study. This value, which is above the 7% generally used for glycaemic control, was selected to minimise bias toward overestimation of clinical inertia. There may be interindividual differences in the glycation process and HbA1c targets not accounted for in this definition. However, at the population level, HbA1c [ 8% seems to be an adequate threshold at which, in the absence of individualised goals, most adult patients are considered to have poor glycaemic control [15, 16] . Time to the start of injectable therapy with a GLP-1 RA or insulin was not studied separately by treatment type, although based on previous literature [34] , it is expected that the majority of injectable treatments initiated in the follow-up would be insulin based.
The strengths of the study are that it was conducted in a real-world setting, the follow-up was longer than in other studies and clinical inertia was assessed broadly, using several parameters. The study provides additional evidence on clinical inertia in patients with C 2 OADs [6, 7] . Specifically, it provides new data on treatment inertia in patients with T2DM and obesity that are relevant both clinically and economically as approximately half the patients with T2DM are obese [35] . Our results supplement specific therapeutic recommendations [5] and findings that both obesity and poor glycaemic control have a significant impact on health costs [17] .
Clinical inertia is dependent on the overall patient care process, involving the physician, the patient and the healthcare system. It is hypothesised that the physician's contribution to clinical inertia is 50%, the patient's 30% and that of the healthcare system 20% [36] . These factors need to be taken into account when introducing improvement strategies.
CONCLUSIONS
The results of this study, carried out in real-life patients with poorly controlled T2DM and obesity and receiving treatment with C 2 OADs, show that these patients remained for [ 1 year with poor glycaemic control (HbA1c C 8%). Clinical inertia was present in almost 60% of patients in the first year of monitoring and persisted in 28% after 3 years of monitoring, reflecting treatment delays and a lack of intensification. Avoiding or minimising clinical inertia should be a key objective that can be facilitated by effectively incorporating the recommendations of the guidelines into routine practice, with the ultimate goal of improving the prognosis of the patient.
